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Background: The wound healing involves a highly co-ordinated cascade of cellular and 
immunological response over a period of time including coagulation, inflammation, granulation 
tissue formation, epithelialization, collagen synthesis and tissue remodeling. Wounds in aged heal 
more slowly than those in younger, mainly because of co morbidities that occurs as one ages. Present 
study is about the influence of age on wound healing. 1x1cm
2
 (100mm) wounds were created on the 
back of the animal. The animals were divided into two groups; one group had animals in the age 
group of 3-9 months while another group had animals in the age group of 15-21 months. Materials 
and Methods: 24 clinically healthy rabbits in the age group of 3-21 months were used as 
experimental animals and divided in two groups viz A and B. All experimental parameters i.e 
Excision wound model, Measurement of wound area, Protein extraction and estimation, Protein 
extraction and estimation and DNA extraction and estimation were done by standard methods. 
Results: The parameters studied were wound contraction, hydroxyproline, glucosamine, protein and 
DNA. Significant increase (p<0.005) in the hydroxyproline, glucosamine, protein and DNA and 
significant decrease in wound area (p<0.005) was observed in the age group of 3-9 months when 
compared to animals of age group of 15-21 months. Wound contraction together with 
hydroxyproline, glucosamine, protein and DNA estimations suggest that advance age results in 
retarded wound healing. Conclusion: The decrease wound contraction and accumulation of 
hydroxyproline, glucosamine, protein and DNA in group B animals may be associated with the 
reduction or delay in growth factors because of the advancing age. 
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1. Introduction 
Wound healing is a process by which a damaged tissue is restored as closely as possible to its normal state and 
wound contraction is the shrinkage of wound area. The wound healing involves a highly co-ordinated cascade of 
cellular and immunological response over a period of time including coagulation, inflammation, granulation tissue 
formation, epithelialization, collagen synthesis and tissue remodeling [1-3] 
Wounds in aged heal more slowly than those in younger, mainly because of co morbidities that occurs as one 
ages. Ageing results in loss of scaring, less contraction, decreased tensile strength, decreased epithelialization, 
delayed cell migration and decreased collagen synthesis [4, 5]. Age associated impaired correlates with increased 
inflammation, increased matrix proteolysis and delayed re-epithelialization leading to chronic wounds [6, 7]. 
 
2. Materials and Methods 
2.1. Animals  
24 clinically healthy rabbits in the age group of 3-21 months were used as experimental animals. These were 
divided in two groups viz A and B. Each group had twelve animals. The group A had the animals in the age group of 
3-9 months while group B in the age group of 15-21 months. All the animals were housed in the cages had free 
access to fresh water at a room temperature of 22±2
0
C. A balanced feed was used throughout the period of study. 
The experimental protocols involved in this study was approved by the Institutional Animal Ethics Committee, and 
conforms to the “Guide lines for the Care and Use of Laboratory Animals” published by the “National Institute of 
Health”. All the animals were acclimatized for a period of 7 days prior to the commencement of the experiment. 
 
2.2. Excision Wound Model 
The animals were anesthetized locally with injection of xylocaine (10mg/kg) and ketamine (40mg/kg). The 
dorsal fur of the animal was shaved just distal to scapula. The shaved area was swabbed with alcohol and an area of 
1x1cm
2
 (100mm) was demarcated with a self designed stamp on the midline of the shaved area. The marked skin 
was excised with the help of a scalpel and scissors to the depth of loose subcutaneous tissue, care was taken to 
restrict the hemorrhage to bare minimum. Animals after recovery from anesthesia were housed individually in 
properly disinfected cages. The granulation tissue formed on day 4, 9 and 14 was harvested to estimate some 
biochemical parameters like hydroxyproline, glucosamine, protein and DNA. 
 
2.3. Measurement of Wound Area 
The wound area was measured at predetermined interval of time starting at 2 hour interval after creation of the 
wound. This interval was considered as 0 day measurement and the delay of 2 hour after creation of wound for 
measurement was allowed to accommodate wound stretching that occurred due to the struggle of animal during 
recovery from the anesthesia. The subsequent measurement was taken on day 5, 9 and 14 after creation of the wound. 
 
2.4. Estimation of Hydroxyproline and Glucosamine 
About 50mg from each stored tissue sample was subjected to acid hydrolysis by adding 1ml 6N Hcl to it in a 
tube which was tightly sealed and autoclaved at 50 pound pressure for 3 hours. The hydrolysate so produced was 
used for estimating hydroxyproline and glucosamine [8-10].
.
 
 
2.5. Protein Extraction and Estimation 
The tissue (30 mg) already stored at -80 
0
 C was pulverized in ice cold lysis buffer containing 100 mM Tris-Hcl, 
0.05 mMEDTA with a proportion of 300 µl of lysis buffer/30 mg tissue with the help of chilled pestle and motar and 
a pinch of glass wool. After pulverization, homogenous mixture was transferred to 1.5 ml micro centrifuge tube and 
centrifuged for about 10 minutes at 10000 rpm. Supernatant protein lysate was collected and estimated for protein 
[11-13]. 
 
2.6. DNA Extraction and Estimation  
DNA was extracted and estimated by phenol-chloroform method [14, 15]. 
 
2.7. Statistical Analysis 
Analysis was done by Students t test using R software [16]. The level of significance α was taken 5%. 
 
3. Results 
Table 1 shows significant decrease in wound area of group A animals from day 4 as compared to group B 
animals. This trend continued up to day 14 i.e., last day of observation. On day 14 the group A animals had 20.10 ± 
0.54mm
2
 wound area unhealed while group B animals had 28.80 ± 0.62 mm
2
 wound area unhealed. On day 14 the 
group A animals exhibited 82.6 % contraction in wound contraction as against 75.2 % those of group B animals. 
There was a significant increase in the hydroxyproline and glucosamine content of group A animals from day 4 to 
day 14. The highest accumulation of hydroxyproline and glucosamine was observed on day 14; the group A animals 
had 13.20 ± 0.95 mg/g and 6.16 ± 0.52 mg/g of hydroxyproline and glucosamine as against 9.16 ± 0.74 mg/g and 
4.58 ± 0.43 mg/g of group B animals. There was also a significant increase in protein and DNA content of group A 
animals on day 4 and 9 when compared to group B animals and a decrease in protein and DNA on day 14 in group A 
animals as compared to group B animals but the decrease is not significant (Table 2)  
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Table-1. Effect of age on wound contraction in excision wound model (mm2) 
Time duration Group A Group B 
Day 0 
 
Day 4  
 
Day  9  
 
Day 14                                                        
116.0±0.09 
  (0.00) 
102.7±0.89
*
 
  (11.5) 
69.75±0.91
*
 
   (39.9) 
20.10±0.54
*
 
    (82.6) 
116.0±0.07 
 (0.00) 
106.9±0.85 
   (7.8) 
73.4±0.67 
   (36.7) 
28.80±0.62 
    (75.2) 
 
Values are expressed as mean ±SEM, n=12 animals in each group; number in parenthesis indicate percentage of 
wound contraction *p<0.005 when compared to control wounds. 
 
Table-2. Effect of age on biochemical parameters in excision wound model 
Biochemical parameters Post wounding days  Group A Group B 
Hydroxyproline (mg/g) 4
th
 day 
9
th
 day 
14
th
 day 
6.20±0.86* 
10.16±0.83* 
13.20±0.82* 
3.86±0.14 
5.86±0.54 
9.16±0.74 
Glucosamine (mg/g) 4
th
 day 
9
th
 day 
14
th
 day 
3.10±0.43* 
5.08±0.53* 
6.16±0.52* 
2.00±0.14 
3.43±0.31 
4.58±0.43 
Protein (mg/100mg wet weight) 4
th
 day 
9
th
 day 
14
th
 day 
2.97±0.11* 
6.82±0.14* 
5.30±0.17 
1.82±0.11 
4.91±0.13 
5.18±0.12 
DNA (mg/100mg wet weight) 4
th
 day 
9
th
 day 
14
th
day 
1.89±0.23* 
5.47±0.18* 
4.92±0.12 
1.17±0.14 
4.26±0.13 
4.97±0.08 
 
Values are expressed as mean ±SEM, n=12 animals in each group. Values are significant at *p<0.05 when 
compared to control wounds. 
 
4. Discussion 
The group A animals revealed increased wound contraction, enhanced accumulation of hydroxyproline, 
glucosamine, protein and DNA at the wound site than group B animals. It may be due to the advancing age in group 
B animals, increased age results in delayed appearance of epidermal growth factor (EGF), basic epidermal growth 
factor (bEGF), transforming growth factor-β and platelet derived growth factor A and B [17]. These growth factors 
stimulate various aspects of wound healing. EGF enhances keratinocytes migration and cellular proliferation there by 
accelerates wound contraction [18]. 
bEGF induces DNA and protein synthesis, angiogenesis, ECM synthesis and wound contraction. PDGF is 
released from a number of cells including platelets, endothelial and monocytes/macrophages [19].
 
This acts as 
chemoaltractant for inflammatory cells and fibroblasts there by stimulating fibronectin, glycosaminoglycans and 
collagen synthesis [20]. So the decrease wound contraction and accumulation of hydroxyproline, glucosamine, 
protein and DNA in group B animals may be associated with the reduction or delay in growth factors because of the 
advancing age. 
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